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- Peata have beenr performed in' 'bhe langley 20-foot free-epinning
: tuimel to determine the Spin e:nd. recovery- chamcteristica a:bﬂ. the

tuzn'.bl:[ng tendencies of a. E—scale model of 'bhe McDonnﬁll R 85 a.ir-

Pt

plahe. " The erect spin and recovery cha.racteria'bics br the’ nibd.el
vera: determined . with the following talls installed” o thé model‘ :
"X" teil only, X t=1l plue center vertical tall) &md X tail’
plus: 50-percent rudder area incorporated into the ver{-.:'r.ca.l fina
on the upper ves.  In addition, other tail modifications wers meds
to. the model In an attempt to improve the spln-recovery characteris‘bics.
The spinning investigation also included inverted spin tests and
spln-recovery-parachute tests. For the tumbling teasts, the X tail
only was 1nsta.11ed. on the mod.el.

~

The test results showed that with either of the three tail
arrangements, the model usually spun in f£lat attitudes with
ogcillations sbout the lateral and longltudinal axes. In general,
full reversal of the rudder pedals did not stop the spinning rota-
tion. ' To make the model setisfactorily meet the epin-recovery
requlirements, it was found that installation of elther a very large
ventral fin zl'T 9 square feet, full scale) below the tail or a
somevhat smeller ventral fin and rudder (12.4 square feet, total
full-scale earea) with & rudder throw of 2t least 122° vas required..

Either & 21.3-foot tail parachute or & 6.4-foot wing-tip

parachute (drag coefficient approximetely 0.70) appears necessary
ag an emergency Bpin-recqvery device during demonstration aplns.
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The model did not exhiBiitahy.tumbling tendencies at the
nromal loading.

INTRODUCTION

As requ.ested i:y the Air-}via;t_erie.i Gomm-a.nd., Army Alr Forces,
aen investigation of the gpin end recovery characteristics of the

McDonnell XP-85 airplane has been conducted with a 1%-805.10 model

in the langley 20-foot free-spinning tumnel. A dbrief series of
tumbling tests was also oconducted on the model. The XP-85 airplane
is a paresite Ffighter and is designed to be carriedl within & bomb
bay of the B-36 airplane. The X¥P-85.airplane has a landing hook
attached to the fuselage nose and is equipped with leading-edge
flaps. The wing of the airplane 18 swept back and the tall is "x"
shaped. o

The erect spin asnd recovery char_'acteristics of the model were
determined for the normal loading with the following tails installed:
X +teil only, X tall plus center verticel teil, and X tail
plus 50-percent rudder aree incorporated into the vertical fina
on the upper vee (upper arms of the X tail). Vearious other tail
modifications including ventral fins and tail fillets were investi-
gated 1n an attempt to improve the model's spin-recovery
characteristice. Spin tests with the leeding-edge _fle.ps deflected,
inverted bpin tests, and teats to determine the effect of emergency
spin-~recovery tall end wingstip. p rachutes were performed. Inasmuch
ag the XP-85 is equipped with'a" D lot-eJection geat, :pilot-escape
tests on the model werse not deemed necessa.ry. ' e

PR, e 'l"'

“I‘umbling ‘teats were mede with the model 1n the normal 1oading _
with “the X ‘tail only installed. X

Tests ‘with the mod.el loaded to sim‘ia.te a revisei normal i
loading (McDommell Aircre®t Corp. telegram to AMC Engineering et
Liaison Officer, NACA, dated July 17, "1946, containing ‘addtticnelt
information on model received. after model was ballasted) were ndt
consldered necessary, as it was felt that test regults for this
loading would™ be simila.r to the resuits obtained. for the normal
loa.d.ing. cTe

.|‘¥.| }'-
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£ Y a-:-:- g S'Yl_{BOIS T
wins span, fee‘b . NS d

wing area., sq_uz.re feet. ] .
mean aerodynemic chord, feet

ratio of dtatance of ‘center of gravity rearward of
leading edge of meen asrodynemic chord to mean
aerodynamic chord

ra:bio of dlstance between center of gravity and fuselage
-genter line to mean aerolynamic: chord: (positiva when
center of gra.vity 13 'below the :Euse;age center line)

=t 7

- e T,

IX’ Iwi-,Iz moments of 1ner'bia. about X Y and. Z ‘B dy ea, respec-

=

+ inertils rollir.lg-mpmént-pa.rameﬁér -

.. tively, slug-feet2 Ty
- : L, oGnEin A _
. inertia. ya.wing-moment: pa.i‘ametetg" . - |' _‘-' = 5 _' Tt

[
e

inertia pitc:_hing-nioment parameter

alr density, slug ﬁer cublc foot

- relative density of airplane (52%)

angle between fuselage center line and vertlcel

(approximately sgual to absoluts value of angle of
attack at plane of symmetry), degrees. -

e.ngle 'between spa.n axis and. horizontal, d.egrees s

.full-scal.e true ra._te of degcep:l;, .feet per second

. ‘full-scale apgula¥ velocity sbout spin -a.:%;iei',' revolutions

per second
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o helix angle, angle between flight path and vertical,
degrees tFor the tests of this model, the average

absclute value of the helix angle vas approximately 1°.)

B epproximate angle of sideslip et center of gravity,
degrees (Sideslip is inward when immér wing is down
by an amount greater than the helix angle.) _

_ APPARATUS AND METHODS * -~ & % T
Model -
: T B R T
'_ The .i]-E-sca.le model of, the McDormell XP-~ 85 a.irpla.ne uged for

the teets was bullt by the contractor. The model was checked for
dimensional accuracy and prepared for testing by.the Iengley  ~
Iaboratory. Prlor to the time tests were started a few design
changes were made to the XP-85 airplane.  These chenges were:
incorporated into the model and were as follows: "wing moved
forwerd 4,89 inches (full scale), dihedral of wing changed from -8°
to -4°, size of upper vee talls increesed, and the incldence of
both upper and lower vee talls chenged Prom 00 to -5, After
testes were nearly completed, the Iaboratory was informed by

Mr. W. J. Blatz, McDonnell representative that the following
additional changes had béen made to the xP- 85 airplanet wing |

root incidence changed from 1° to 2°, wing tip incidence changéd
from 1° to -3°, and wing moved rearward 1.3 inches (full scalp) .-
None of these 1a.tter changes were incorporated into thé model-es-

1t was felt that they would not alter the model's spin-recovery
cheracteristics. A thres-view drawing of the model ag tested with
the center vertical and X tails installed is shown in figure 1.
The dimensicnal characteristics of the airplane ag represented by
the model as tested in the free-spinning tunnel are.giyven in
table I.

L —-

A photograph of the model is sgliown in figure 2. ‘Figure 3
shows the model with the outboard leading edge of the wing pivoted
dowvnward to form the lesding-edge flaps. 4 sketch of the X tall
with 50 percent rudder area incorporated into the vertical fing on
the upper vee is shown in Pigure 4. Sketches of the verious other
tall modifications are shown in figures 5 to 10.

The model was ballasted with lead weights to obtaln
dynamlic similarity to the alrplane at an altitude of 15,000 feet
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(p = 0:001496 slug per cubic foot)s- The weight, moments of inertis,
and center-ofigravity ‘location of the -airplens usded in:ballasting
the model were cbtained from deta furnished by the Mchonnell Airoraft
Corporation,; Report No. klTy serial 5, March 28, 1946 :with corrections
made at the Lengley Labaratory for the.forward movement ocf the wing
. and the increase in size of the upper voe ta,ilsa ’ : :
A remote-control mechanism was insta.lled in the mod.el 'bo
actuate .the :controls or open the parachute for recovery iésta.
Sufficlent moments were exerted on the control surfaded: during -
.recovery teats 'bo reverse the controls fully and. ra.pi&ly gt
. - The modsl para.chul:.es used were of the fla.t circular’t'ype, .
Lo ma.d.e of sillz and had e drag coefflcient of approxinatély 0.70° _
" (based upon the canopy eree measured with the pa.rachute sprea.d. out
- 0D & flat Burface) _ R ) i -

'...';"_'"_ WIND'I‘UNNEL AND TESTING TEC@I_Q‘(E

o —— e T

T fhe tests ,were performed. in the I.e.nglay Eo-foot free-spiming
tunnsl “the opera.tion ‘of which is generally similar to that .
) d.escri'bed. in reference 1 for the Tangley 15- foot free spipning
e i tunnel, axcept that the model-launching technique: forathe -a8pin
téste hes been changed. With the controls set. in.the. desired
position, the model 1s launched by hand with rotatlion into the
vortically rising air stream. After a number of tuma in ; the --;
established spin, recovery sttempt las medse by moving one or more
controls by means of the remote-control mec_ha_n_ism,‘ After: recovery,
the model dives into a safety net. St A D ~iis
. |. A !-:

SE:Ln tests.- The spin dats presented have. 'been converted to
corresponding full-scale velues by the methods described in .:. T
reference l. A photograph of the model d.uring & spin is s.hom
in figure 11. S -.._».-

In accordance with stendard spin-tumnel proced.urq, :bests were
performed to determine the spin and recovery characteristics. of
the model for the normel spimning control configuretion (stick full
back, ailerons neutral, and right rudder pedal full forward in a
right spin) and for various other alleron-rudevetor combinations.
Recovery was generelly attempted by rapld reversal of the rudder
podals from full with to full against the spin. Tests were also
performed to evaluate the poseible adverse effects on recovery of
emall deviations from the normal control configurstion for spinning.
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‘For these. tests, the stick was set at two-thirds of its full back *
deflection and the allerops were set at one-third of full deflection

. 4n the direction .condugive to -glower recoveries (against the-spin

for the XP-85 model). Recovery from this spin was attempted by

rapldly reversing the rudder pedels from full with to two-thirds-

egainat the spin. - This particular control configura.tion and. manipu-

lation 15 referred to as the criterion spin.”

_ 'I'urns for recovery are measured. :E'rom the time the contro,'l—.s
are moved to the time.the spin rotation ceasesd.. The criterion: for a
satisfactory rocovery from e gpin for the. model had 'been gdopted.,
a8 two turns or less. Recovery characteristics of the model may
be consid.ered. eatisfactory, howsver, if recovery attempted. :E‘rom

R

For recovery a.ttempte 1n which the mod.el etruck the eafety net
before recovery could be effected because of the wandering or
oscillatory motion of the model, or because of an unusually high
rate of descent, the nunmber of turne from the time the controls
were moved to the time the model struck the safety net were
recorded. This number indlcated that the model reguired more turns
to recover from the spin then shown, a8 for example >3, A >3-turn
recovery, however, does not necesserily indicate an 1mprovemsnt .
when compared to a >T-turn recovery, Recovery attempts for those
conditiong in which the model failed to recover in lesg-than 10 turne
is indicated by «. If the model recovered without control move- e
ment when launched in & gpinning attitude. with the controls set .
for the spin, the condition was recorded es "no epin. " e o "

The testing technlgue for determining the op“binmm ‘glze of, a.nd.
the towline length for, spin-recovery parachutes 1s degoribed in
detall in reference 2. The parachute pack and towline were attached
to the model in such a menner as to have no effect on the gteady
spin before being opened. For the tail parachute tests, the ~
parachute towline was attaeched to the top rear of the fuselage and
the parachute was packed bslow the upper vee tail on the inboard
gide of the fuselage (right side in a right spin). The parachute
was opened for the recovery attempt by actuvating the remote-control
mechanism. The testling technique for wing-tip parachutes was
esgontially the same &s that for the tell parachutes except that
the parachute pack and towline were attached to the outer wing tip
(left wing tip in & right spin) on the upper surface. It is
recommended that, for full-scale wing—tip parachute 1nstallations .
that the pare.chute be packed within the wing structure. All -

%
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‘ parachutes should be provié.ed with a positive means of ejection.
For the current tests, the controls were not moved during . recovery
so that Tecovery ves d.ue en‘birely to 'bhe effect of opening the .

g parachuts.: . , e . R e

Turbling tosts.- In order to determine the 'bumbling tendencles
pf the model, the model was launched into the tummel wilth an initial
pliching ro’ca‘bion sbout the lateral axis. The number of turna the
model took before 1t ceased rotating wes cbserved, as wes. 'bhe .
behavior of the model after it ceased rotating. - < .. .o «wpvr oo

P

Moving pictures were.taken of the tumbling tests so that &. :
study of the model motion could Pe made. As has ‘oeen previously
-atated, the tumbling tests were conducted with the X. tail . only
-installed on the model.. The controls were so set on the.model .
406 ‘simulate the airplane with the . rudder pedals at- neutral and.-
"the stick -laterally neutral, full right, and full left for the .
following 1ongitud1na.l stick positions. full back, neutra.l and
full fomrd. S ) .

) 7
.

(PRECISION. . . . . =iree.

e e . : - SRR e
- P - - PR - LTt

; : The spin- :t_'eaul‘.be.p.re-seﬁ'l::.ed.- hérein are .'béliew.r'échi 'Eb 'be "bh; .
true values given by the model within the following. limita: .

. 1
. 1
. 5
- - L d te
+1/4 turn when obtained Ffrom motion
. . picture records
+1/2 turn when oh'ba.inad. 'oy -visual

* o, deg .« .« .
@, deg .« .
Vs percent .
¢, percent .

a
”*
L}
.

¢ & 2 &
L) * B @

*
.‘-
L ]
[

L] ”. * @

. » = @
. & & ®
s o a =&
e & & @
L ] * 9 ]
. = @
- . -« o
e = = o
- o » [
. & s 0
a » & »

L] ] L] L]
L ] F » -
L3 [ ] » .
. o o

Turns £Or reCOVOXY o« s o o« o
' .eptimate

The preceding limits may have 'been exceed.ed. for cerbe.in ﬂpins
in which it was difficult to control the model in the tunnel because
of the -high rate of descent or because of the wa.nd.ering_ ot oscil—
latory nature of the spin. SRR T__ ;

Comparison between model and airp]ana spin rpsults (referencas 1
end 3) indicates that spin-tunnel results are not alwa;:s in complete
_ agreement with airplane spin results. In general the. mod.els .spun.

- at a asomewhat higher rate of descent and at from 50 to 10° more, -
outward sideslip than d4id the corresponding airplanes. Ths comparison
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made in reference 3 for 20 airplanes showed that 80 percent of. the
models predicted satisfactorily the number of turns required for’
recovery from the spin Tor the corresponding elrplanes, end that
10 percent overestimated and 10 percent underestimated the number
of turns required. . _ . S

Because of ‘the impractica.’bility of ‘ba,llasting the mod.el exactly
and because of* inadvertent damage to the model during the tests),
the measured welght and mess dlstribution of the model varied from
the true acaled-down values within thé following limitss - " -ui-

Weight, Percen.t. e o e a v e o.-"o o- .". s & 8 e el O to lhigh
Center-of -gravity location, S -
percent T .« « + v ¢ 4 &
Moments |Ix, percent . .
of - £Iy, percent . .
inertia. IZ, percent ". .

1 rearws.rd to 2 rearwa.rd. of normal
e s e v ¢ o i 7w 2 high to:d high
: -ﬁn .Po-:_ s s 5high toshigh
.-co .. 3hi8ht06high

> 2 e =
...

'_-_ ave 9 ¢

'I'he sccuracy of measuring the weight a.nd. masgs diatri'bu.tion o.f
the model are beliseved to be within the Ffollowing limita:

Weigh‘b,perc'en‘l: "...';’:"'-.'-.-.............. +1
Center-of-gravity location, percent T .« « « o ¢ o« ¢ 4 ¢ o « o« « I1
Moments of inertia, percent « . e 4 . e 4 e84 s e s ey e e 15

Controls were set with an accuracy of *1°,

TEST CONDITIONS -

- Tests were performed For the model conditions listed on
‘table IT, The greater majority of the tests were conducted yith
"the X tall only instelled on the model inasmich a& Mr. D. 8. Lewls
- of the McDonnell Alrcraft Corporation had indicated that the alr-
plane would probaebly be bullt without the center vertical tail
installed. When the center tall was ingtalled the rudder pedals
operated the rudder on this tail in addition to the rudevators.
Tests were run with 50-percent rudder édreda incorporated into the
vertlcal fins on the upper vee tail at the request of Mr. M. Asper,
also of the McDomnell Aircraft Corporation. All tests were con-
ducted with the cockpit closed end the landing hook retracted.
The configuration of the, model as testéd in the clean condition
wes aa followst Tlaps retracted, landing hock. retracted, and
cockpit closed. - T e T
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Mags characteristics and megs pa.rametera for the normal loading,
revised normal locading, ‘and other 1oadIng conditions possible on
the airplane and for the actual loading tested on the model are
listed on table IIT.. The mass distribution paremeters for the
loadings possible on the ¥P-85° airplane and for the loading tested
on the model ayre plotted. ‘4% figure 12.- As -disgussed.in reference h,
figure 12 can. be .used a8’ an aid in predicting .the- relad:ive effec-
tiveness of the con'brols on t’he recovery cha.racteristics of thq
mod.e-ln . . . - - -...r.-r

. . R R LU R
-.34‘. . . . L - PESCREES

The maximum con'brbl d.eflections used in the tests were

Rudder mounted on oen'ber tell, deg 15 right, 15 left

« = & & & a &
Rud.evators, deg e 2 e o'o -"- T 6 % o & 8 tele ¢ @ @ l|-5 up, 30 d.OWn
AilerOnS, deg LR A T U I T I R I 20 uP, 20 dowmn
R : F- ;‘.-t . l- - -.1 i -« ‘t__- O RN L TS 30 down

- T e e e -

"Fl&PB, d.Bg . e . s o

. For tes'bs with 50° percent of the ve’rt.’:cal fins ‘on ths upper vee
used es vudders, meximm deflections of 30° right and-30° left were
used,. and for tests with a ventral fin end rudder a.dd.ed. %0 the model
-t (modiﬁca.tion lh) the ma.ximum rud.der deflections ueed yore 22° righl:
gnd22°lgft.__ N : -

-_-‘::r
x"'- ,', i

we‘.l'.‘e T - —_‘n__.;—':_-

Ji oty = ’ Teerl YL
d b . . :

Stick. two-'bhirds back, fu;u. right rudder. ped&l*« RTINS
-Teft upper. rudeva.’cor ‘and right lower rudeva.tor,; deg .. ._. .35 up
Right upper ridevatol and left lower rudevator, deg- ., «... 5 Up
Sticls: two-thirds back, two-thirds left rudder pedals =~ '~ .7 7.°
Left :upper J;'uxleva.tor and right lower rudevator, d.eg . . LL._ q.lo Up
-+ -=Right.uppex ,ru,d.eva.tor ‘and ‘left lower rudevator, deg . .« [ “.30 up
Ailerone ‘one-third defiected, de@ .+ « o + s « » + o T Up, 7-dowm
Rudder on center verticel tail two-thirdsdeflected, 408 « o « « 10
Rudders on Ffins on upper vee two-thirds deflected, deg .« v . &« 20
. e _ - {22 right, 15 left
Rudder on modification number 1k . ¢ « « o & « +<15 right, 15 left
} . 15 right, 10 left

: The rudsvator deflectlons for variocus stick and. Tudder pedal
positions are shown on Tigure 13.
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“RESULIS AND DISCUSSION

The results of the spin tests of the model are presented in
charts 1 to 3 and tebles IV and V., The model data are presented .
in terms of the full-scale values for the airplane at a test -
altitude of 15,000 feet. Results of right snd lsft spins. were -

ulite gimilar and results for right spine are arbitrerily presented
%a.irplane turning to pilot's right). Table VI contains the tumbling
test results. _

-. - Spin Tests - Noxrmal Loading

: Clean condition.~ The test results obtained with the.XP-85 model
~with the normal.loading and in the clean condition are presented in
charta 1 and 2, The model 1oa.d1ng cond.ition is represented. 'b;y' point 1
on table III and. figure 12. '

Similay results were obta.ined. with either the X tail alone,
X tail plue center vertical tail, or X +tall with 50- -percent rudder
erea incorporeted into the vertical fins on the upper vee installed
on the model. For the normal control configuretion for spinning A
(stick full back and laterally neutral, and right rudder pedal full -
forward in a right spin), the model spun at flat attitudes with :
oacillations about the lateral and longitudinal axes. Fully S
reversing the rudder pedals did not satisfactorily terminate the : LI
spin,. in fact, the effect of moving the controls was usually so :
* slight that the model generally continued spinning. Simlating
the stick-forward position or setting the allerons agsinet the -
8pin had little effect on the spin. or recovery characteristics of
the model. Test results indicated that normel control manipulation
for recovery (full rudder pedal reversel followed 'by movement of
s the- stick forward) would a.lso be ineffective. : .
: W:lth the allercns set full with the spin (stick right in e
right spin) and the stick set longitudinally neutrdl or full back
the model 4id not spin, but went into e tight vertical roll. When
the ailerons were moved from neutral to full with the spin for
recovery, however, the model d1d not recover. satisfactorily. Basged
on these resultse, 1t appears that if en incipient spin is obteined,
immediate setting of the ailerons full with the spin will probably
prevent the Pully developed spin. IFf, however, 2 fully developed
spin ls obtained with the ailerona set at neutral or against the -~
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spin, moving the ailerons 'to full with the spin will probebly not
cauge the airplane to recover satisfactorily because-of the exces-
—-'sive time required in changing from a. fla.t to % eteep a.tti'bud.e.

Flapa d.eflec'bed..- Besul‘bs o‘btained. for teets with the 1ea.ding—
edge Tlaps deflected on.the model.are presented on-¢hart 8, -i-
Defleeting +the’' flaps had no effeot on the steady spin:charictéristice.
Although no recoveries were attempted during these tests, 1t appesred
that the modei].‘s recovery characteristics would not be altered by
‘deflecting the flaps Ina.smuch as -the steady spin. datd with' flaps
extended anﬁ. wi'hh flapa retracted. were very much similar. K

b

X Inverbed spins.- The 'best results o'bta.ined; for the inverted.
spin tests are presenteé. qn cha.rt 3. -The order usged ‘on the- cha.rts
Por presenting the data “for inverted. epins ie ‘different from that
used -for erect spins. For inverted spins, “controls crosséd” (right
rudder peda.l forward. ‘and stick to the pilot's. left when the airplane
is Bpinning o the pilot's right) for the d.eveloped. spin I1s plotted
to the right of the chart and "atick back" is plotted at the bottom.
“When the’ controls ére crossed in the developed:-spin; the ‘ailerons
ald the rolling motiop, when the con’qroia gre. *boge'bher, the ailerons
* oppose’ the- rolling ‘mot1o . The angle.of wing. tilt on -Bhe cha.r’c is
given a.s up or d.own rela ive to the ground.; SRS

- - ,"' 3 . .

Resul'bs obtained. for inverted, spins were simi:la.r to thoge - °
obtained for the erect spins. The model &id mot redover When “the
ailerons Wwére neutral or when the controls were togsther, and the
model did not spin when the controls were crossea.. B

e e L o=t o B - ) - P
e v - B R R TR AR
TE. L M aal. I WM

ETe Spin Tes’cs - Revised. Normal I.oa.ding _

e No testa were cond.ucted. wi'bh the model balla.ated. to simula.te

" the airplané &t the revised normal loading. As is shown in teble TII,
the differences between the normal loading and the revised normal
loading are small except for the variation in center-of-grevity
position. Past epin-tunnel experlence has shown, however, that

for models having high relative densities (the rela'bive density .

of XP-85 et 15,000 feet 1s Lk.9), moderate variations in the center
of gravity have 1ittle effect on model spin and recovery charac-
terlstics. Consequently, it is to be expected that simllar results
would have been obtained for both the normal loading and the revised
normal loeding.
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) 'I'a.il Mod.ifica.tions BT o
Verious tdil mod.ifications wers’ tesEed 1n an aﬁtempt ﬁo improve

the recovery characteristics of the model in erect spins. The

modifications are tabulated in table IV am are,. q]a.ssified. ag

"ineffective," "slightly effective," or "very effective.” The

tall configurations to which the modifications were lﬂade are a.leo

1ndicated. in ta'ble IV. C

.é' o

Most of the modifica'bions 1ndica.ted. in table IV wore c‘la.ésified.
as ineffective ‘either Because the rudevatoirs would nét teérminate
the spin at all or because too many turns were required. In fact,
for certain ventral fin modifiocations tested, the spin. sometimes
flattened Bfter ‘the rudevators were reversed. from with to againet
the spin, and in some instances the model would not spin for -

" ‘rudevator with settings (elthough a.large number of turns wes

- required before the lawniching rotation ceased) but the model

: cont‘inued to spin when rudevatore were placed. against the spin._-_
With relatively large thin ventral fins 1ns‘talled. on the model

(modifications 12 and 15), the model did not epin for the criterion

" ‘spin control metting vheri-the rudevatora were elther with or egainst

- the spin, but a large-nuiber of turne were regulred before the"
launching rotation ceassed. Theme modlifications were termed as
s8lightly "effective for it appears that 1f the’ correspond.ing alr-
plane with either of these modifica.tiona ghould get into a spin
et a given control setting, sa.tisfa.ctory reco*rery would probefbly
not be posaible. - -

Two of the modifications tested led to satiefactory spin and
recovery characteristics and ‘are olasgified as very effective in
teble IV. With a very large ventral fin installed on the model
(modification number 16, approximate full-soale ares 17.9 square
feet), the medel did not ‘dpin dt the criterion spin ocontrol setiing
(rud.eva.tors ¢ither with or against the spin) and the original
gpinning rotation imparted to the model on launching was damped
out rapidly. Accord.ingly, this size ventral £in appeared to be-
vory effective and necessary to insure satisfactory gpin recovery
characteristics for the airplane with the design rudevators. It
wvas” found that the ventral fin ares required to make the modsl

‘satisfactorily fset the spin requirements could be reducéd some-
what provided & portion of ths ventral fin was used &3 & rudder.
With such e modification installed on the model (modification’ 1k,
total full-scale area 12.4 square feet) and for & maximum rudder
throw of 1220, a spin was obtained at the criterion spin control
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setting and the spin was satisfactorily terminated (2 turns) by
reversal of the rudder only. With the same modification instelled
on the model and & maximum rudder throw of only 115%, however,
gatlsfaotory recoveries were not obtained. . :

Thus, in order to insure satlsfactory recoverles from spins
_obtained on the airplene, it eppears that installation of a very
large ventral fin (modification 16) or the insmtallation of a o
somewhat smeller veatral fin end rudder (modification 1h4) with a
rudder throw of at least 122° 1s necessary. 2

Spin-Recovery Parachubes

The results of tests performed with spin-recovery parachutes
attached to either the tail of the model or to the outboard wing
of the model are presented in table V. The model was in the: normal
loading and the X +tail was installed for these teats. o

. __With the spin-recovery parachute a.ttached -ho the ta.il gatia-
: -fa.ctory recoveYy was obtalned by opening the eqiitvalent: of a 21l.3-foot-
(:Eull scale) diameter parachute with & Q.7-foot towline.; Batisfactory
_.Tecovery wes dlso obtained by opening the equivalent of g6, h-Poot -~
(full scale) -diameter parachute atieched by the 'shreud. lines’ A7)
the outboard wing tip. The drag coefficient mee.sured for the 'bail
gnd wing-tip pa.ra.chutea was approximately 0 TO. ..

The “turna’ for recovery presented. in teble V. wOYe: mea.sured

from the time the parachute. was opened. to when the model agsumed &
neerly vertical {unstalled) attitude. TFor the tail parachute tests,
the model usuaslly made from 1 to 3 turng sbout the pamchuta axisg
after asguming a. vertical attitude before the rotation stoppei.
When the wing-tip parachutes were opened, the.imcdel would steepen
up to a vertical attitude after the spin rotation: had s'lowed down,
and would then usually begin turning about the. outboard: wing +tip
and perachute axis in an inverfed a.ttitude. On the full-scale
a.irplane, the parachute shoild be ¥reed immedlately after the alr-
: plane assumed & verticel attitude in order to prevent the alyplane
= ___'__from taking additional tu,ma about the para.chute axis. .

t—— AR
3 ~ -

: Tumbling Tests R

The tuvmbling tests were conducted with the mod.el in the normal
loading and with the X +t21l only instelled. The test results

presented on table VI show that the model bad no tumbling tendencles
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at the loading tested.. Inssmuch.as the tumbling. retation lmparted
to the model on la.unching and the pitching oscillations encountered
by the model after the tunbling had. ceased.were damped.out rapidly,
it appeared that a rearward movement of the center of. gravity even
by as much as 10 percent of the mean serodynamic chord would
probably not apprecisbly:alter the model's tumbling characteristics.
Forward movements in'the center of gravity would. pre“ba.bly make the
mod.el's resista.nce 'bo tum'bling even grea.ter. S _ e

. 'cbﬂcmﬁbﬁs '

Based on the resulis of teste of a vi%-scale model. of the

Xp-85 airplane, the following conclusiona regarding the spin and
recovery and. the tumbling characteristics of the airpla.ne at a -
test altitude of 15,000 feet have been madet

. 1. The asirplane will apin et flat attitudes.with osg¢lllatlions
« about the Jatersl and. 1ongitud.ina1 axes. The fully developed spin
. will not.be terminated setisfactorily by normal control manipulation

for recovery. Setting ailerons full with the- spin during the . .
inciplenty pha.se will pro’ba.'bly prevent the attainment. of & developed.
spin. o e e T : C -

2. The spin end recovery cha.ra.oteristica of ‘the airpia.ne with
the "X" tail instelled will not be.affected by elther agdding a
center vertical tail and rudder or by incorporating. 50—percen'b —
rudder arsa into the vertical fins on the upper vee, - . :

3. Def‘lecting the lea.ding edge fla.ps will not a.ffec'b the P
airplane spin characteristics nor 1mprove the 'aix'pla.ne recovery o
characteristios. . :

k. Recoveries from inverted epins. will 'be unsa:i;j.sfa.ctory. L

5. Elther the 1nsta.11ation oi‘ a very 1arge ventra.l fin .
(17.9 square feet, full _scale) or the installation of a.somewhat..
smaller ventral fin end rudder (12.4 squa.re feet, total full-goale
area) with a rudder throw of at least 122° appears necegsary to
ingure setisfactcry recovery characteristica.
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6. A 21.3-foot tail psrachute or a 6.h-foot wing-tip parachute
(drag coefficient 0.70) will be effective for emsrgency recoveries
from demonstra:bion spins. _

7 The airplane w:'ull not 'tum'ble. .

Langley Memoria.l Aerona.utica.l Ia.'boratory stk iaged
: Natlional Advisory Committee for Aerona.utics , .
: La.nsley Field va. e TR pTEede i T e

o . . i ‘ T T .f:;‘;luf-.-"-!--.:'-’\-

. . - = Walter J, Kilnar
Aeronautical Engineer

Approved: ,%WL&,V (2 P

A Bartley A. Sould
Chief of Stabllity Research Divigion
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TABIE -T.- DIMERSIONAL CHARACTERISTICS OF THE XP-85 AIRPIANE AS REPRESENTED BY

TEE%G-SGAIEHODELASMHTEEM-SPMGTUMEL

I.eng‘bh_ovorall,f‘b ® o ¢ ¢ ¢ & 5 s e & s & & 8
Normal gross welght, 1D .« ¢ ¢« ¢« ¢ ¢ ¢ o ¢ ¢« ¢ «
Normel center-of-gravity looation, percent ¥ . .

Am, L[] PE ¢ o o 0 0 8 6 ¢ 6 66000000
Seotion, POOE o o ¢ ¢ ¢ 0 ¢ ¢ o o ¢« e o s ¢ @
Seo‘bion, tip ¢ &6 & & o ¢ ¢ s a4 " ¢ s s 8 ¢ a0 @
Reot-chord incidence, d6g ¢« ¢ ¢ ¢ o o ¢ o o o
Tip-chord. 1n°1d°nce, deg * & e ¢ ¢ e o & v 2
A'pect YBE10 ¢« ¢« ¢ ¢ 6 5 ¢« o s 6 0 4 e e 0o
Bwespback at 25 percent chord, deg e « « o o
Dihedral of ﬂng, d.eg e & & @ ¢ @ ¢ s 8 o @
Memaerodmicehord,in. « @ e s a8 e s
" Ieading edge © aft leading-edge root chord, in.

Lee.ding—edge Llapas
location of hinge line, percent chord . ¢ & o
Spen, percent of b/2

Allerons:
Totalaml"qrt a 6 & &6 o 8 8 ¢ @ €76 & ¢ @
Locatlion of hinges line, percent chord . . . .
Span, percent of b/2

Tall surfacos.
Arez vertical fins on upper vee(total), aqg £t
Area upper vee tail (less vertical fins), sq £t
Ammr'ﬁeml,‘qrt sa-8 & o ¢ & s o s &
Center vertical tail area, sg £

ce-gre-@recorosgrorInOLO~

s & & & & ° 2 & 0 @

.Tota.l projected horizontal ares upper vee, mq ft
Potal proaected. horizontal area lower vee, sq £t
Disténce from norma} center of grevity to the 1/h root

Ofthouppbrvee,ft « @ ¢ o o 2 e s s o

Incidence of vee ta.:ll deg
Dihedral of vee t.ail- deg

. o & 0 & @

Distance from normal center of gravity to the 1/4 root
of‘hhelmrmft...-.-........-

Location of hinges Iina of rudevators and rudder aft of

eﬂge,percw‘bchord.....-.-.........--...
AirfoilHCCtim.-c:ooo-c-o.c’-a.‘.---ooco

‘e ¢ & o @ &
«a & o o & &
e & o o @& &
™ e o o o @
« @& ¢« & s @
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¢ @& ¢ 8 & =
* & & s s @
s e ¢ o @ s
s e ¢ o &
* & @& & @ @
s 8 @

the leading

. 15.0
e = h552
. e 21.6
e o 21,12

100
EACA 65-010
NAQA 65-010
e o 1
e o 1
P L.h3
. e 3k
L ] 'h’
e 61,91
e s k1,36
. o 15
e« o 1&0.3
P 3.00
* = &
. ° II'O.3
e o 8.32
e e 20-1"0
. o 11-67 .
oo T35
s e JI-O
. o 8.22
e o 1"097
e e 5'7h‘
- @ -5
. ks
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TABIR IT,- CONDETIORS TESTED ON MR y7--BOATE
MOIEL OF THE McDONKRLL XP-85 ATHPTANE

[lorml loading; spins to pilot's right]

[ 1 )
saew

Tall coofiguretion instelled

Leading-odge | a b ¢ Data
Trps of test | Leltnaol w % w Nolifications | Nethol employed 1n vecovery | 0 s
Revarm]. of rudder snd
Ersct mpin Retracted x rudevators Clart 1
Reversal of rudevators end
m---—-- ----d.ﬂ'--"" X mt Of ﬂilﬂm m mnl‘t 1
nmutral to with the spin
DO----- mo a-amm p 4 --- - M 2
Reversal of ruddern and
Dow—=-~ Retyaoted x rodevat Chart 2
Inverted spin snnellQnaar x Revermal of Todevators Cheart 3
_ Reversel of rodders and
Exect spin =renfipean= x x x x 1avnt Tabla IV
DOuanna enrallenan x m’.l and m-tip mh. Tﬁbh v
Tuwdling ceeniOmean x - -n Table VI
5 tail piue centsr vertical tail.
by tail only
®I tail plus 50 percent rvdder avea ted into

vertical fins on the upper vee (fig. &),
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TABEE TYT.- MASS CHARACYSHTSTICS AND INERYTA PARAMKFERS FOR VARIOUS| LOADINGS POSHIHIE OFf I6K i
n.agmmmmmmmmmm{s—mm
I:hdal values oonvertad to correspanding full-soals u.'!.us]
Oerrtar-of -gravi Moments of inertis about center
n 1 ”5“ t’ of gravity Inartia paremsters
¥o. Tositing Vulght .
() | gen | 13,000 e I I I k| H-L| I-I
Lol | g/t | (aafe®) | (ang/te?) = -~ oF
1rplens valuen
1 | Worwal loading e | efe0 | Mg |0216 | -0.013 Tho ngy 1509 -73.&10"* -hg.swun"‘ 123,307
¢ | Bevised porwe 1oating v |96 | v | 26 | -om0 o5 Y s | -55.8 -38.4 1842
3 c'”a"mm’ffzr&: paroent 08 | Pheo | 305k | 3 | .01 708 010 my | 6.6 5149 k.5
Contar of gravity 6.3 paveent . . Y . ,
¥ | T rearvard of norwl 38 | 23,00 | 3.0 | 279 oW ™00 we oy 7.7 65.9 138.6
8 | T e on Towved | 300 [ 19,20 | 057 | a5 | - 615 %8 e | 296 -1 13743
Model waltes at bagimning of tosts
1 | Normel gross weight W71 | eBao | b5.ee | 0.2 [-g.008 ™8 1256 bl =T9.3 7.3 106.0
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- TABIE V.- SPIN-FECOVERY~PARACEDTE DATA OPTAINED WITH THE %-SGAIE
MOTEL CGTHE XP-85 AIRPIANE (X TATL INSTALYED)

Efornl loading; flaps retracted; recovery attempted
by opening the parachute with the ruider pedsls
#1011l with the sping Tight erect spins; model values
_ ... comverted to full-scals valuesj parachute dreg coef-
fiocient approximately 0.70]

Parachute dismster Towline length Turns for recovery from sileron
(£5) (£t) m:;;:v. .'t‘ir"‘_‘-;ﬂlél;‘;:fk
Teil parachutes

12.0 eLo0 3,k 8
13.3 21.0 5%,00,00
.7 21.0 %’ gﬁ’ 1%
.7 35.0 1, 3%, 5%
156.0 35.0 1_23:’ 2%-’ 9
16.0 21.0 g.;-.’ 3%, %
16.0 7 . ]E, ?i,’ L
21.3 21.0 3 ok, 3
21.3 o7 2, 2, of

Wing-tlp parachutes
13.3 0. %’ 1,1
8.0 0. ' E’ N
i °- L 3% 3
5.3 o. %, rY 2&
k.t 0. 2, a%, 3
5.0 ° 0. 2, 2
&5 3.5 5,>5, 6

NATTORAL ADVISORY
OCMMITTEE FCR AERONAUTICS
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THE XP-85 ATRPTANE (X TAIL INSTALIED)

B [Foml loading; flaps retrected. MHodel glven
initial pitching rotation about lateral axis.

. Tumnal alrspesd for
per second, Full

testn was 16135 feet
scales] ¢

22

Budevator settings Birection initisl
(%:)5) Aileron setting pitehing rotetion Remarks
Stopped tunbling and elthsr pitched
° X Positive into a dive or spirmled to the right
Stopped tumbling and either pitched
0 ¥ Negative into a d1iva or apiraled to the right
RAU, Stopped tumbling and elther pitched
e s TAD Positive into & dfve or apirelsd to the right
Btopped tumbling and either pitched
° RAU, IAD Hegative inte a dive or wplreled to the right
Stopped tunhling and either pitched
0 RAD, IAU Fasitive . into w dive or spiraled to the left
Stopped tumbling and either pitched
° RAD, IAT Hogative into & dive or apiraled to ths laft
30 up m’ TAU Positive S'bop;ped f.\nibuns and spinhd to the
Stopped tumbling and either pitched
30 wp RAD, TAT Hegative into & dive or apfraled to the left
30 up x Positive St:ip::d tumdling and pitcked into a
30 up X Negative Btopped tumbling and pitched into a
dive -
30 up PAU, IAD Positive Btglp;el: tuzbling and spirsled to the
Stopped tunbling and spiralsd to the
0 up RAU, IAD Negtive right
15 down RAU, IAD Positive Stopred tunbling and elither pltched
intc = dive or spiraled to the right
dovn RAU, IAD Hegatil Btopped: tunbling and either pltched
» ’ ogntive intc & dive or apiraled to the right
Btopped tunbling and efther pitched into
13 dovn x Positive s dive or spiraled to the right or left
1% down x Fegative 8Stopped tumbling and elther plitched into
a dive or spiraled to the right or left
dovn Btopped tumbling and either pitched into
¥ BAD, IAU Fositive & dive or spiraled to the left
1% down RAD, IAU Negative 8topped tumbling end either pitched Into
a dive aor spireled to the lefd -

[
— ___B_e;_tir_xg_l tested are for the rudder pedals set at neutrel end the stick neutrel, full back and full

Allerons nesutral,
Right #2leren dowm.
Right alleren up.
Left sileron down.
Left aileron up.

EEEEw
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[ stoady-spin &-

GHART 1,. SPIN AND REGOVERY CHARAOUTERISTICB OF THE f&-ﬂdlll NODEL OF THE MoDOMNELL XP-#% AIAFLANE (WITH AND WITBOUT
THE OEWTTR VEATIOCAL TAIL INSTALLED)

flaps retracted; recow attempted by
ta pressnted rui. .r,Pﬁdlll

rapid full
full with the spin}); right ersct sping]

reversal of the rudder pedals (rscovery attempted from, mmd

"X* tail plus oenter vertioal tall installed

;nm.

orons

e

a a !
% (5o AR
227 |o. T 246 | 0.8%
e
o w
T
o
‘.ﬂ
ad
. ud
100
fall against
'0. {BtaeK 1ers) £1qd 0.7
= oo
4
2 . {58
. g |1
% |1% HES
216 | 0.78 P10 | 0.
o oo
bu.eu.u -pu

types of spin.

Aila;:n.
full with
{B1ek right)

Ko spia

260
130

.71

(g 3|

or range br valuss given,

EYerage .
t modsl required more than 10 turns Jor recavery.
Sage mu' -um model doas pot spin - foss into’p 'tight vertical roll.

g0t 1ato al invertsd spin upoh recavery.
movsd from pentral to full with the spin for tha recovery.

goes into a vertical rell opon recovery,

"Y' tail only installed

A 3
260 - )
% |20 A
233 |0, 7% . |81 |o.80
' o
Qo o
lﬂ. i :
a8y [1]
3 15D % 0]
225 0. Th 2n
oo rg°°
f
B 8
.9
B " -
230 205 216
- -] [ ] oo
NATIONAL ABVISORY
COMMITTEE FOR AERONAUTICS
hodal values
convarwed to
sorresponding

full-geale valuaa.

U lener wing up
D 1lnper wing down

21 [0.76

|5, >6

[ ¢
{deg) | {deg)

1]
(rpa)

y
(fps)

Turns for
racavery
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I CHART P,- EFFEOT OF INOORPCRATING RUDDER AREA INTQ THE VERTIOAL FINS (M
' THE LEADING-EDGE FLAPS ON YHE SPIN AND REOOVERY CHARAOTERISTIOS OF THE
AIRPLARE

Eonll flaps retracted wnlass otharviss noted} reoov

0P YIE TAIL, AND KFFEGT OF DEFLECTING
BOALT MODEL OF PHEE MSDONNELL XP-85

Joading; ritampted
attasptsd from, and stoady-spip dmts presented for, rudder ;:Lll foll with the spin)j right erect sping] .
50 peremt of the area of the vertical fins on the top vee tal

made %0 move as ruddars (figure #) - 'X" tall 1nstalled
Y

nu
120

&3

0.78

L

| 92 |220
Btiek 58 | 180
2/3 bask - g
/3 -nhml % w Eﬁ
' ‘ 1

Allavons Allerona
against | full with
(Btick lefs) {Btlok right)

Torward

ge n

[
ed
5%

216

0,76

Q0

;Ouomnm spin, aveTage or rangs of valuss giren,
o msana model requires mors then 10 turms for redovery.

3

BAGd

26D

T 201

0. 75

a8 Ul
& | &
210 |0, 80

Bti&t'

2/3 back

20T . 83—

Allsrons
nautral

d

rapid full reversal of the ruddsr pedals (resovery

"I' tall Plus osnter versical tall installed - leading sdgs ’
flapa deflected

%o rpin

NATIONAL ADVISORY

COMMITTEE FORt AERONALT ICS

%Budders and rudsvators revarsed from full with to 2/3 sgainss the spin,
bapo spin' means model doos not epin - divas out of spin after initial lawwmhing
rotation is expended,

Hodel values
convertad o
torrespending
fullwsoale values,
U lpper wing up

D Apner wipng dewn

a Y )
tdeg) | (deg)
v ]
[fpa) | {eps)
Turne fer
reaoyery
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Chart 3

OHAR? 3.~ INVERTED SPIK AND REOOVERY CHARACTERISTICS OF TEE F§-SOALE MODEL OF THE
sws == HoDONNELL XP-85 AIRPLANE

[Nom.a.l loading; flapa retracted; reméry attempted by full rapid reversal of the rudder
pedals (recovery attempted from, and steady-spin dats presented for, rudder pedals full

with the spin); spins to pilot's right]

"X" tail installed

IE HE
259 |0.65 ’ .| 229 jo.67
2 1%, 53 2, 4

Stick left

NHo |spin

No jspin

[ a .
60| 38D : ' 5
31| fop g2 | %
250 (0.57 Btiek right 262 [0.63
a ‘(Controls together)
= co
4
- 3
@a
. - .
60 | 27D 2 | 28D
is | 30 i | %D
250(0.71 o 262 [0.66
Co oo

"Ouulatory spin with a vh:.p- to the turning motion,

average or range of values given.
Model goes into a spin in the other directien

{Controls orossed)

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

@, UPOD 1eeCcYery. Model values
"No spin' means nodel doss not spin ~ goes into converted teo
e vertieal roll. corresponding

oo means model required more than 10 tums for ful

" precovery. u

®0scillatory spin, aversge or range of values D
given, )

l-scale values.
inner wing up
inner wing down

Ho |spin

a L]
(deg) | (deg])

v o
tfps} | (rps!}

Turns for
recovery
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Fig. 1

-

15.847 ———]

'FIGURE L=DRAWING OF THE I/I6~SCALE MODEL OF THE XP-85
AIRPLANE TESTED IN THE FREE-SPINNING TUNNE.. C.G. INDI-
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Figure 2.-

1
he 76

scale model of the McDonnell XP-86 airplane in the clean condition.
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Figure 3.- The -i-%- scale model of the McDonnell XP-85 alrplane with the leading edge
' flaps deflected, '
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NACA RM No. LTC10 . Fig. 4
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FIGURE 4.— RUDDERS 'ADDED TO FINS ON THE UPPER
VEE TAILS AT THE 50 PERCENT CHORD LINE ON THE

I/16-SCALE MODEL OF THE XP—-85 AIRPLANE.
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FIGURE 6.~ MODIFICATIONS TESTED ON THE |/16-SCALE

o MODEL OF THE XP-85 AIRPLANE. MODIFICATIONS SHOWN
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FIGURE 7-VENTRAL FINS TESTED ON THE {/i6—
SCALE MODEL OF THE XP-85 AIRPLANE
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Fig'ure 11.- Phétdgraph of the iis-scale model of the McDonnell
. XP-85 alrplane spin.ning in the 20-foot free-spinning tunnel.

Shadow of model at left shows approximate angle of attack and
shadow of model at right shows approﬁmate angle of wing tilt.
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F|GURE 12- MASS PARAMETERS FOR LOADINGS POSSIBLE ON
THE XP-85 AIRPLANE AND FOR LOADING TESTED ON THE
" MODEL (POINTS ARE FOR LOADINGS LISTED IN TABLE I¥).
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